Can the healthcare design process be treated similarly to medical equipment design? If so, could such an approach contribute to patient safety? Radical as the proposition may seem, I argue that the approach may make further contributions to a cause that seems to persist, despite growing awareness and intervention efforts. While patient safety has been a continuous challenge, it caught national attention with the publication of the Institute of Medicine's (IOM) report in 1999 (Institute of Medicine, 1999) . A wide range of professionals have since focused their attention on improving patient safety. However, subsequent updates have demonstrated few improvements in patient safety outcomes in American hospitals and have instead suggested the problem may in fact have exacerbated (Allen, 2013 ). Interventions over the past decades have been seen in multiple domains -clinical processes, operations, and procedures, work culture, medical devices and equipment, and staff and patient education, to name a few. However, patient safety continues to be a concern in American and world healthcare.
. . . patient safety continues to be a concern in American and world healthcare.
The patient safety challenge may actually further intensify in the coming years. When the Affordable Care Act (ACA; Patient Protection and Affordable Care Act, 2010) was promulgated, in personal discussions with thought leaders in the healthcare industry, they predicted a sharp decrease in inpatient census. There were even some discussions, which still continue, airing the possibility that acute care hospitals may shrink considerably in size, as most of the care delivery is expected to be diverted to ambulatory facilities. However, it seems inpatient facilities have continued to experience the same or higher levels of patient census, with one difference. Patients in inpatient facilities today typically have higher acuity levels as compared to those in the past, suggesting that patient safety may become an even greater concern and challenge in the coming years.
In this context, can the hospital physical design be expected to contribute in any manner to the goal of improving patient safety, or should we even entertain such expectations? A few decades back we would not be raising the possibility that the design of a facility could affect patient safety. Historically, architecture, and all design professions contributing to the completed built environment and immediate outdoor environment, was rarely expected to play a role in improving patient safety. For centuries architecture was viewed as an artifact of collective cultural production, where the focus was, and rightly continues to be, on emotions evoked by the built form, on non-verbal communication engrained in its semiotics, and on symbolic portrayal of higher-order actors' ideologies (state, religious institutions). It was only in the twentieth century that instrumental factors such as visual acuity, thermal comfort, and so forth, were expected from architecture and building engineering (Pati, 2011) .
Since then, the expectations from the built environment have continued to expand. For instance, workplace studies have examined associations between the physical design and worker outcomes such as productivity and performance (see for instance Becker & Kelley, 2005; Peponis et al., 2007; Rashid, Wineman, & Zimring, 2009) . Several seminal works were produced by Francis Duffy during the concluding decades of the twentieth century (Duffy, 1993) .
Perhaps, subsequent research and design inquiries in the healthcare design sector meaningfully and significantly expanded the role of and expectations from the built environment in targeting organizational objectives and performance. Incidentally, these changing expectations are also gradually changing the architect's role from one of a vendor to a partner in jointly addressing and solving organizational issues. For a detailed discussion on this topic, the reader is referred to my article in Design Intelligence (Pati, 2011) . Furthermore, along with the changing role of the architect, a small proportion of owners and healthcare executives have begun to view the built facilities as serious and important assets in attracting and keeping new patient markets, physicians, and clinical staff as well as address patient and staff safety.
. . . research and design inquiries in the healthcare design sector meaningfully and significantly expanded the role of and expectations from the built environment in targeting organizational objectives and performance.
Thus in the context of these new expectations for the design professions, however nascent, can healthcare design be approached the same way one conducts the design of medical devices? The proposition here is not about the modernistic concept of viewing architecture as a machine. Machines perform a task efficiently, quickly, and repeatedly (Merriam Webster, 2016) . A machine has inputs such as raw materials or energy and an output, which is typically a product. The initial conception of architecture as a machine was deterministic -i.e. the physical design determines a certain outcome, whether in the social, psychological, and in our current discussion, clinical context. Such a worldview, in the context of healthcare, may belittle the wide range of expertise contributing to patient safety.
On the other hand, viewing architecture simply as something which provides an envelope (a tent, a room, a building) in which care is delivered may represent a missed opportunity of considerable proportion, for targeting safety and other healthcare outcomes. In my professional career I have come across numerous people for whom the key performance indicators in a facility project only included the built space responding to needs outlined in the program document, delivered within budget and on time. Also appropriate in most building types, there is an unstated expectation that the built environment must be visually appealing. Good architecture is expected to produce desired emotions when viewed and experienced. The poetry resulting from the careful composition of formal elements, driven by known principles of proportions, forms and shapes are well documented by architectural historians and theorists.
One of the key contributions of Evidence-Based Design (EBD) or Research-Informed Design, an alternative term for the EBD preferred by some professionals, is to venture beyond these traditional architectural expectations in harnessing positive emotional responses. New expectations from architecture and the design industry include targeting key process outcomes such as length of stay, medication use, and patient safety indicators. Some seminal works were produced by Dr. Roger Ulrich and his students, with empirical evidences connecting positive emotional responses originating from views of nature or representations of nature to such clinical and behavioral outcomes as acute stress, length of stay, and use of pain medications (for a detailed list see Ulrich et al., 2008) .
Knowledge of negative emotional responses are also equally important. As an example, potential fear response to curved forms in hospital design may lead to further studies on the topic, and inform future design decisions related to hospital form (Pati, O'Boyle, Hou, Nanda, & Ghamari, 2016) . Furthermore, EBD may indeed have been partly responsible for healthcare designs' focus expanding from patient-related outcomes to those of care providers -physicians, nurses, support staff, and others. From being considered a passive host to care delivery, the built environment is now, associated with all aspects of the clinical and healing process as demonstrated with a growing body of empirical evidence (Ulrich et al., 2008) . The subject matter of the articles in this issue represents a snap-shot demonstrating the broad expectations from the healthcare built environment. This issue of HERD includes a wide range of topics covering department efficiency, infection control, patient safety, mental health, and acute stress. Indeed, over the past years, studies in healthcare have demonstrated tangible influences of the physical design on key process issues such as work and patient care efficiencies, teamwork, and collaboration and other key outcome issues like safety and cost, including those related to care providers.
It may not be logical to view the aforementioned list of outcomes as products of architecture as a machine. However, could viewing healthcare architecture as a piece of medical equipment or a medical device (using equipment and device as interchangeable terms) be of any added value? Unlike machines, equipment is not expected to produce anything; rather equipment is expected to contribute to a task at hand. Equipment is defined by Merriam-Webster (2016) as ''the implements used in an operation or activity''; or ''the necessary items for a particular purpose.'' Such purposes could include needed items or implements to address patient safety issues such as reducing medical errors, improving clinical response/reaction times, and decreasing patient falls, hospital acquired infections, violence, smuggling, kidnapping, and so forth. By stating that architecture is a medical device, the design could be perceived as another device available to healthcare providers to enhance care efficacy. Note that efficacy as an outcome influenced by physical design has not yet been a common topic of discussion.
By stating that architecture is a medical device, the design could be perceived as another device available to healthcare providers to enhance care efficacy.
In essence, the concept of 'architecture as a device for achieving a particular purpose' may not be new. Biomimicry, smart sensors, and other technological advancements and concepts, when married to architecture have produced marvelous devices in built forms and have rendered themselves as effective tools in managing indoor environmental needs. This notion can also be interpreted as the 'architecture' rendering itself as a device in the hands of the owners/occupants to provide effective indoor environmental conditions. The challenge is to extend this notion to efficacies of care processes including objective clinical endpoints, especially in improving patient safety.
Of all critical outcome areas of interest in healthcare, patient safety is perhaps one where a direct impact of the physical design has been increasingly demonstrated (Ulrich et al., 2008) . It does not mean that the physical design alone can address all patient safety issues. It means that, besides its direct influences, the design of the built environment has meaningful interactions with other interventions/factors targeting the same goals. It may also be viewed as a meaningful and predictable option available to the healthcare organization owners and providers. Examples of direct influences are emerging. My recently concluded study on patient falls funded by the National Patient Safety Foundation identified a list of physical environment attributes that can directly impact fall frequency and intensity, such as bathroom configuration forcing unnecessary turning, bathroom door width and swing, over-bed table design, and so forth (Pati & Yang, 2015) . Another study I had conducted on emergency department safety funded by the Academy of Architecture for Health Foundation and Herman Miller showed evidence of direct influence of the physical environment on patient, staff, and visitor security (Pati, Pati, & Harvey, 2016) including the direct impact on numerous aspects of ED safety and efficiency (Pati, Harvey, & Pati, 2014) . Studies by other authors have shown similar associations regarding infection control, medical errors, and other vital patient safety issues. Some current studies are attempting to further explore, examine, and reinforce this position. For instance, I was intrigued by a news piece recently forwarded to me by Professor Kirk Hamilton, Texas A&M University, about an ongoing study examining the impact of floor plans and physical unit layout on C-Section rates in hospitals, the latter representing an important clinical endpoint (Bebinger, 2016) .
It is not that innovation is absent in healthcare design. In my opinion, innovation is occurring more than in most other building sectors, and at a healthy level. But intentionally and proactively viewing healthcare architecture as a medical device or object with a purpose might facilitate more potent links between the physical environment and patient safety. Innovation may force one to consider architecture as one of the tools in the toolkit to address a problem of collective and vital importance. If so, what is then needed going forward?
It is imperative that stakeholders involved in healthcare facility procurement not reject the notion that the built environment can contribute in meaningful ways to organizational objectives. The built environment is rarely neutral in its influences on people, processes, and outcomes. It either facilitates or hinders the achievement of operational or organizational objectives. Viewing the physical environment as an active participant in the care process, not simply as a passive object providing protection from undesirable environmental conditions, may advance the discourse to an entirely different level. Coincidentally, this phenomenon is already in motion. Some if not all non-design stakeholders are indeed treating hospital architecture as active contributors to positive outcomes.
The built environment is rarely neutral in its influences on people, processes, and outcomes. It either facilitates or hinders the achievement of operational or organizational objectives.
Viewing architecture as a medical device might add to the momentum on healthcare design innovations. A few necessary ingredients are already in place. On the topic of Design Thinking, Tim Brown of IDEO speaks about the critical role of designers in innovations in products, processes, and services (Brown, 2008) . He underscores the difference between a 'tactical' role and a 'strategic' role for designers in the innovation process. A tactical role is when a designer's role is restricted to making an already developed idea more attractive. In a strategic role, designers assume an active role in creating and developing ideas. The same article also emphasizes the vital role of multi-disciplinary teams and a systemic view in fostering innovations. Tim Brown was probably not referring to architectural design in his article; however, this concept can be discussed in the realm of the building industry and more specifically the healthcare design industry, especially when metaphorically or realistically architecture is viewed as a medical device.
Generally speaking, it is not uncommon in the healthcare design industry for a design team to get involved only after the creation of a program document, thereby missing out on the critical initial phases of idea development. In my opinion, the ideal time to start involving designers is the day when the first proposal for a new construction, addition, or renovation is considered and discussed. I remember, when after years of conducting healthcare design research as a team, how often Jennie Evans, Laurie Waggener, and I wished that the HKS Clinical Solutions & Research group were involved in a project from its initial conception, and how our involvement could have resulted in substantially improved performance of the built healthcare facility.
Viewing hospital architecture as a medical device will enable several things that may contribute to further innovations in patient safety. It will force architecture to be treated as a device necessary in achieving patient safety and other vital objectives. In line with Design Thinking, the healthcare design process will by definition involve multiple disciplines from the initial proposition of a facility project. From the very start, the design process will enable collaborative exploration of innovation in a realistic context; for instance between clinical and process designers, building designers, and technology designers. It will foster, promote, and prompt outside-the-box thinking. It may further transform an owner-vendor relationship to an ownerpartner relationship, and from the time of conception of a project tap into the creative and outside-of-box thinking typical of most designers. At the end, the facility may or may not actually look like a device. However, starting to view hospital architecture as a medical device may result in numerous innovative solutions to address patient safety and many other healthcare issues we may not have thought of until now.
